In comparison, gyre S 2 is shallow and cannot be detected at 432 500 hPa at this time. These alternating gyres collectively 433 suggest the appearance of an MRG-type disturbance (or 434 ccMRG wave) with a wavelength that is roughly approxi-435 mated by the distance between gyres S 1 and S 2 . More anal-436 yses on the ccMRG wave, including its wavelength, phase 437 speed and vertical structure, are given in the following. 438 [15] It is important to verify high-resolution global fore-439 casts with global analyses at a comparable resolution. How-440 ever, due to limits in data availability, NCEP 2.5 ($265 km) 441 reanalyses are still used in some plots (e.g., Figures 1 and 5) 442 to examine the time evolution of weather systems at a time 443 interval of 6 h. Because the spatial resolution in the 444 reanalyses is much coarser than in the analysis ($55 km), 445 the ccMRG wave and the three gyres could be represented 446 differently in the reanalyses. 
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Note that NCEP "reanalysis" and 10-day model outputs 464 are displayed. Clearly, the phase speed of the southerly 465 (northerly) winds in red (blue) is westward. The alternating 466 southerly and northerly wind couplets, extending eastward 467 from 50 E, suggest an eastward propagating "group" velocity 468 of ccMRG wave packets or a Kelvin wave in association 469 with the movement of the MJO and a westward propagating 470 ccMRG wave from 90
$100 E. In this study, the gyres in the 471 SH and NH are labeled as S n and N n , respectively. The sub-472 script 'n', either 1 or 2, denotes the appearance of the gyres 473 sequentially from west to east during the transition of the 474 southerly (northerly) winds to northerly (southerly) winds, 475 where areas of strong cyclonic vorticity exist. The period and 476 wavelength of the ccMRG wave are approximately 7$8 days 477 and 30 degree (wave number 12), respectively. This appears 478 to be a relatively short MRG wave, according to 508 clockwise circulations in the SH and NH, (3) cross equatorial 509 flows (e.g., gyre S 2 along longitude 90 E, and gyre N 1 along 510 longitude 85 E), and (4) phase line tilting with height. In 511 addition, there existed a relatively close match between the 512 estimated phase speed of À1.8 m/s and wavelength of 30 513 at 850 hPa and the linear MRG wave solution of the 514 shallow water equations. Associating the three gyres with a 515 ccMRG wave will help to examine their evolution as a whole 516 and thus provide an integrated view of their development. 517 Therefore, the accurate representation of an initial ccMRG 518 wave and its evolution (in terms of its phase and amplitude) 519 are useful for the detection of TC genesis. reanalysis data and (b) the 10-day control run. Southerly (northerly) winds are indicated in red (blue). The westward-propagating disturbances with sloping northerly to southerly flow couplets are likely associated with the MRG wave. Labels 'S n ' and 'N n ' refer to the gyres in the southern and northern hemispheres (SH and NH), respectively, where 'n' is equal to '1' or '2'. S 1 and N 1 roughly indicate the timing and location for the formation of the twin TC Kesiny and 01A, respectively. The latter can be identified clearly by the stronger southerly winds along longitude 75 E between 3 and 5 May. In contrast, S 2 along longitude 80 E is a non-developing convective system. While S 1 seems to move eastward slightly in Figure 5a , this does not change the conclusion that the wavelength is reduced as determined by the distance between S 1 and S 2 . Table 1 gives a summary of these six experiments. (Figures 6a, 6c, and 6e) . Note that gyre S 2
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(e.g., the gray oval in Figure 6c (Figures 6b, 6d, 6f,   663 and 7b). During this period, the GMM control run also 664 reproduces a realistic evolution of Gyre S 1 , which later 665 developed into TC Kesiny, and slightly overestimated Gyre 666 S 2 , which, however, did not develop into a TC. t1:10 a EXP ID is the name of the experiment; IC is the starting date of the initial conditions. Grid-Scale and CPs indicate the usage of an explicit grid-scale t1:11 condensation scheme and/or cumulus parameterizations (CPs). Dates are given as month/day. Figure 6 . The 850-hPa winds (vectors) and geo-potential heights (shaded) at 0000 UTC 3-5 May 2002 from (a, c, and e) NCEP T254 analyses and (b, d, and f) the control run. There were three gyres with cyclonic circulation centers, S1 N1 and S2. A reduction in the MRG wavelength can be seen by the reduced distance between gyres S1 and S2. During the period of MRG wave intensification, the northern vortex moved poleward in association with a northward extension of the MRG wave and later developed into TC 01A. The gray oval in Figure 6c indicates the circulation of gyre S2 which is similar to that of a MRG wave in Figure 3c . (Figures 8a, 8d, and 8g) , the initial time, 0000 UTC 3 May (Figures 8b, 8e , and 8h) and 0000 UTC 5 May (Figures 8c, 8f, and 8i) . Selected contour lines of geopotential heights include 1460, 1470 and 1480 m. As time progresses, zonal winds become wavy, deepen, and extended poleward. The pattern in Figure 8f is similar to the idealized solution in Figure 3b . initial weak storms/disturbances grow to become twin TCs.
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To our knowledge, no real-data simulation has ever been and intensity evolution of these twin TCs is also simulated 856 reasonably well (e.g., Figures 14b and 14c 
